INTRODUCTION
Infectious bovine rhinotracheitis/infectious pustular vulvovaginitis (IBR/IPV) is a disease of the upper respiratory or genital tracts caused by bovine herpesvirus 1 (BHV-1). In the artificial insemination (AI) industry, this pathogen is of major concern (17) because it may be present at any time in the semen of acutely-or latently-infected bulls (18) and may thereby be transmitted to inseminated cows (9, 10) . Although BHV-1 contamination of semen is rare, it is nevertheless the contaminant that is most often detected. The identification of latently-infected bulls is critically dependent on the use of specific and sensitive serological tests.
Among the twelve European Community (EC) member states, Denmark is free of IBR/IPV following a national eradication campaign conducted between 1984 and 1991, while in France and the United Kingdom, all bull studs are free of BHV-1. Trade in semen within the Community should be either from bulls which are BHV-l-free, or those which are sero-negative at entry to the AI centre and are subsequently vaccinated. Use of semen from seropositive bulls which are not known to have been negative on entry to the centre, has been permitted provided it passes a negative culture test for the presence of virus. These rules, defined by EC Directive 88/407, are currently under revision. All this underlines the importance of consistent methods of evaluating the serological status of AI bulls throughout the EC.
The different serological techniques in regular use include: virus neutralisation (VN) (2, 16) , enzyme-linked immunosorbent assay (ELISA) (13, 15) , indirect immunofluorescence (IIP) (21, 22) , and passive haemagglutination (PHA) tests (6, 19) . To date, only limited international standardisation has been carried out (R.J. Lorenz and O.C. Straub, unpublished findings; 16). The present study was undertaken at the request of the European AI Veterinarians Group, with the objective of evaluating the sensitivity and specificity of the BHV-1 tests used in various European countries, and subsequently to recommend harmonised procedures for the serological diagnosis of IBR/IPV, with special reference to bulls. The objective of the survey was not to seek methods of detecting bulls in a herd which were possibly latent carriers of the virus: this important aspect has been studied extensively elsewhere (reviewed in 12). The aim of the survey was rather to compare the sensitivity of the different serological techniques in vitro (including the PHA test which is not used on a large scale, and excluding in vivo techniques, such as the skin test). Results are presented of a comparative serological study on a panel of bovine sera contributed by the members of the above Group.
MATERIALS AND METHODS
Nine laboratories, listed in Table I , from eight European countries participated in this trial. Sixty-five serum samples, as listed in Table II , were supplied by seven participating countries. The samples were initially tested in their laboratory of origin. All samples were sent to the laboratory of bovine pathology in Lyons where they were coded before being despatched to the participating laboratories. Thus, during the testing phase, the investigators were unaware of the origin and status of the individual sera. Table III . IIF and PHA tests were performed as described previously (21, 22, 6) . ELISA tests were performed by all the laboratories using a variety of techniques, including non-commercial indirect ELISA (details are shown in Table IV ), non-commercial blocking ELISA (Table V) The samples were allocated to one of four groups as shown below:
Negative sera
Results for 19 negative sera from non-infected herds (Figs 1 and 2) showed 100% specificity for the majority of the tests, the exceptions (Fig. 2) being one false-positive in a commercial ELISA kit (No. 5) and one serum which gave a false-positive reaction in blocking ELISA 2 (Laboratory 3) and a doubtful reaction in blocking ELISA 3 (Laboratory 3). 
RESULTS

Result positive Result inconclusive Result negative
Positive sera
Seventeen sera were classed as true positives, being from known infected animals (either experimental infections or natural infections confirmed by virus isolation). The results are summarised in Figures 1 and 2 . Only one technique (blocking ELISA 2, Laboratory 3) scored all seventeen as positive. However, four VN tests, the IIF, and two indirect ELISAs (one non-commercial, one commercial) detected all except one particular serum (code number 17) which was collected early (7 days) after experimental infection. The remaining tests detected between 11 and 15 of the positive sera.
Eight sera were found positive with all the techniques, and five with all except one or two assays. The remaining four gave discrepancies in the results: Serum code number 17 was found positive only by blocking ELISA 2 (Laboratory 3), gave doubtful positive results with the other two blocking ELISAs, and was negative in all other tests. Serum code number 3 was found positive with four VN tests, IIF and PHA tests, the three blocking ELISAs and four indirect ELISAs. Serum code number 18 was found positive with five VN tests, the IIF test, the three blocking ELISAs and three indirect ELISAs. Serum code number 49 was found positive with seven VN tests, the IIF and PHA tests and with most of the ELISA tests.
Weak-positive or doubtful sera
Thirteen samples came from animals the status of which was not clear (no virus isolated). Some were field sera which had given weak-positive or doubtful reactions in preliminary tests, others were strong sero-positives, the status of which had not been confirmed by virus isolation. The group included five samples from calves which were not infected but sero-positive due to maternal antibodies.
Five of this group were positive in all tests (Figs 1 and 2 ) suggesting they were genuinely sero-positive. Blocking ELISAs gave the greatest number of positive results (11 to 13); VN (Laboratories 4 and 9) and IIF identified 10 sera as positive. It is not possible to say how many of these reactions were false-positives or false-negatives.
Diluted samples
Two sets of serial dilutions of known positive samples in negative bovine serum were examined (results are given in Figure 3 ).
Seven dilutions of a positive serum from 1:16 to 1:1,024 were found positive by all tests up to and including the 1:128 dilution, with the single exception of the VN test at Laboratory 5. The blocking ELISAs scored all seven samples positive and were the only tests which yielded a positive result at the two highest dilutions.
The test results on 10 dilutions (from 1:200 to 1:102,400) of a purified immunoglobulin (IgG) preparation varied widely. The VN test at one laboratory scored all the samples negative, while another gave positive results in the first four dilutions (up to 1:1,600). The ELISAs showed similar variability (Fig. 3) . The apparent sensitivity of the IIF and PHA tests with these samples was similar to most of the VN and ELISA tests. The blocking ELISAs again gave positive results to a higher dilution level than the other tests. 
DISCUSSION
Nine European laboratories were involved in this study which investigated the quality of four different serological methods (VN, ELISA, IIF and PHA) for the detection of BHV-1 antibodies. No great differences were found between the techniques used, but some discrepancy was found mainly with weak-positive, doubtful or diluted samples. The number of known negative and positive sera was too small to calculate the specificity and sensitivity of each technique with accuracy. There are many published reports of test comparisons within a single laboratory. The general conclusion would be that 24 h neutralisation times for VN render this test more sensitive than the test lasting 1 h (3, 8) , although this was not wholly borne out by the present study (Figs 1,  2 and 3 ). PHA and indirect ELISA have been found to be at least as sensitive as VN and often more so (4, 5, 8, 14, 19) . Nevertheless, the VN remains the recommended reference technique despite the lack of international standardisation (16) .
In an earlier comparative study between fifteen laboratories (R.J. Lorenz and O.C. Straub, unpublished findings) it was concluded that VN and ELISA showed similar sensitivity, but IIF was more sensitive, particularly for weak-positive sera. All the techniques showed reasonable specificity. In the intervening decade, ELISA has been widely adopted for routine diagnosis and has undergone considerable technical improvement. This test offers the advantages of rapid and economical performance.
In the present study, most of the VN tests used as well as the IIF and PHA proved to be both sensitive and specific. Among the different ELISA tests, the non-commercial blocking ELISAs appeared to be the most sensitive but their specificity could not be fully evaluated in the present study. One blocking ELISA scored positive with the calf serum (code number 17) collected seven days after experimental infection, which probably contained a high level of specific IgM (7, 11) . This technique was also the most efficient for detection of low levels of IgG positives. In general, commercial ELISA kits appeared the least sensitive tests. False-negative results may occur occasionally with some ELISA techniques depending on the interpretation for sera giving a reaction around the cut-off point (20) .
In spite of a good agreement between the techniques used, some of them did not detect all the infected animals. An assay with a high false-negative rate on a serum collected two or more weeks after infection is unacceptable, considering the risk of introducing an infected animal (even with a low titre of antibody) into an AI centre or herd (1) . A failure to detect early sera, containing mainly IgM class antibodies, is of less concern taking into account the period of pre-entry quarantine which should be practised. In contrast, a high false-positive rate is also unacceptable as it could wrongly prevent the entry to an AI centre of calves of high genetic merit. Nevertheless, since the consequences of introducing a BHV-1 carrier animal to a centre may be devastating, veterinarians responsible for health control at AI studs will tend to prefer the use of serological methods for IBR with a high sensitivity.
In conclusion, despite the diversity of methodology and the laboratories involved in the trial, the overall performance of each assay was good, suggesting that all of the assays were efficient for the detection of BHV-1 antibodies. However, the need for standardisation is clear, and a further study has been initiated aimed at the selection of reference standard sera for use in serological tests applied to the testing of bulls for AI. 
